This study sought to test whether the newly developed platinum chromium (PtCr)-based everolimus-eluting stent (EES) is noninferior to the cobalt chromium (CoCr)-based zotarolimus-eluting stent (ZES) in all-comers receiving percutaneous coronary intervention (PCI).
Drug-eluting stents (DES) using a cobalt chromium (CoCr) alloy have improved clinical outcomes compared with first-generation DES and have raised the bar for clinical performance (1-5). The CoCr alloy has made it possible to maintain the radioopacity of coronary stents while reducing the stent strut thickness compared with stainless steel (6, 7) . The newest addition to the newer-generation CoCr-DES lineup has been the CoCr-based zotarolimus-eluting stent (ZES) (Resolute, Medtronic, Minneapolis, Minnesota), which showed equivalent outcomes compared with the CoCr-based everolimuseluting stent (EES) in the RESOLUTE All-Comers randomized trial (8, 9) . However, there still exist unmet needs, such as improved radial strength and visibility, which have driven the development of a novel platinum chromium (PtCr) alloy. PtCr-based stents were shown to have higher radio-opacity, more resistant radial strength, and enhanced conformability (10, 11) . A recent trial proved the noninferiority of the PtCr-EES (Promus Element, Boston Scientific, Natick, Massachusetts) compared with CoCr-EES in terms of clinical outcomes (12) . However, this stent has not been tested in a broader population and compared with the CoCr-ZES. Data suggesting similar safety of PtCr-EES and CoCr-ZES in recent meta-analyses have been from only indirect comparisons (13, 14) without evidence from direct, largescale, head-to-head prospective trials. Further, the issue of longitudinal stent deformation (LSD) has been raised regarding thin-strut stents (15) (16) (17) (18) , with the PtCr-EES platform implicated as a potential risk factor (19, 20) .
This randomized trial was performed to test whether the newly developed PtCr-EES is noninferior to the CoCr-ZES in all-comers receiving percutaneous coronary intervention (PCI) with regard to target lesion failure (TLF). Moreover, procedural angiograms of all possible patients were reviewed by a core laboratory to address the issue of LSD.
Methods
Study design. The HOST-ASSURE (Harmonizing Optimal Strategy for Treatment of coronary artery stenosissAfety & effectiveneSS of drug-elUting stents & anti-platelet REgimen) was a prospective, randomized, single-blind, blinded endpoint evaluation, multicenter trial conducted at 40 sites in South Korea. The study design has been previously published (21) . Briefly, the study had a 2 Â 2 factorial design, in which randomization was performed for the type of DES and the type of 1-month intensified antiplatelet therapy followed by conventional dual antiplatelet therapy. Participating patients were randomized 2:1 to either PtCr-EES or CoCr-ZES and 1:1 to either triple antiplatelet therapy or double-dose dual antiplatelet therapy. The trial was coordinated by the investigators at the Cardiovascular Clinical Research Center at Seoul National University Hospital. The data were independently managed by a contract research organization, Dream CIS, Inc. (Seoul, Korea) The primary data analysis was performed by the investigators, with cooperation from Dream CIS, Inc. The executive committee, with assistance from the steering committee, was responsible for the study design, conduct, and management; manuscript preparation; and the decision to submit the paper for publication. An independent data safety monitoring board reviewed the unblinded data. The study was approved by all local ethics committees at the participating centers and was performed in accordance with the Declaration of Helsinki; written informed consent was obtained from all participants. Patients. Trial participants were 18 years of age or older and had at least 1 clinically significant stenotic lesion amenable to PCI in the coronary artery, venous, or arterial bypass grafts. The trial entry criteria were broad with no exclusion criteria for lesion type, the number of stents used, the number of lesions treated, or the diagnosis at presentation. Major exclusion criteria were severe left ventricular systolic dysfunction (ejection fraction <25%), cardiogenic shock, an increased risk of bleeding as evidenced by a history of bleeding diathesis, known coagulopathy, gastrointestinal or genitourinary bleeding within the prior 3 months, or major surgery within 2 months. Details of the eligibility criteria are described in the Online Appendix (Online Table 1 ). Study procedures and endpoints. Patients were randomly assigned to either PtCr-EES or CoCr-ZES via a web-based online randomization system after diagnostic angiography and before PCI. The PCI was performed according to the standard techniques. The primary endpoint was TLF at 12 months, defined as a composite of cardiac death, target vessel-related myocardial infarction (TV-MI), and target lesion revascularization (TLR). Secondary endpoints included all of the individual components of the primary outcome along with stent thrombosis, patient-oriented clinical outcome, and all components of patient-oriented clinical outcome (all-cause death, all-cause myocardial infarction, and any repeat revascularization). Clinical events were defined on the basis of the recommendations of the Academic Research Consortium (ARC) (22) . All deaths were considered cardiac unless a definite noncardiac cause could be established. Myocardial infarction was defined as the presence of clinical signs of myocardial infarction combined with a creatine kinase MB fraction or troponin-T or -I increase higher than the upper normal limit (23) . Cardiac enzyme measurements were not routinely followed serially after PCI for all patients, but were allowed when clinically indicated. Stent thrombosis was defined as definite or probable stent thrombosis according to the ARC classification (22) . The independent clinical event adjudication committee, whose members were unaware of the study group assignments, assessed all of the clinical endpoints. The primary analysis was on an intention-to-treat basis. Angiographic analysis. Detailed methods of angiographic analysis are described in the Online Appendix. In brief, a qualitative analysis was performed to assess the presence of LSD, which was defined as any inconsistency in the radiodensity pattern along the length of the stent, or other gross irregularities or deformities. For quantitative assessment for the possibility of systemic longitudinal shortening of the stent, we measured the nominal stent length ratio (NSR), defined as the ratio of the final stent length after completion of the entire procedure to the nominal stent length. Statistical analysis. We estimated that 3,750 patients would be required (using a sampling ratio of PtCr-EES to CoCr-ZES at 2:1) in the study to have >80% power with a 1-sided a of 2.5% to show noninferiority of the PtCr-EES compared with CoCr-ZES at hazard ratio (HR) 1.5, with the assumption of a 5% attrition rate and an assumed TLF rate of 6.5% at 12 months for CoCr-ZES. Park et al.
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The HOST-ASSURE Trial analysis was performed on an intention-to-treat basis.
Detailed methods of statistical analysis are described in the Online Appendix.
Results
Baseline characteristics and procedural results. From June 2010 to November 2011, a total of 3,755 patients were enrolled at 40 centers in South Korea. These patients were randomly allocated to PtCr-EES (n ¼ 2,503 patients, 3,426 lesions) or CoCr-ZES (n ¼ 1,252 patients, 1,661 lesions). Figure 1 shows the trial profile and the study flow of the patients. The baseline patient characteristics are shown in Table 1 and the baseline lesion and procedural characteristics in Table 2 . The baseline characteristics were mostly well balanced and comparable between the 2 groups except for male sex and smoking, which were slightly more frequent in the PtCr-EES group. Table 3 compares the use of antiplatelet agents in each group during the follow-up duration. There were no significant differences at any follow-up period in terms of the use of aspirin, clopidogrel, or cilostazol. Overall compliance to dual antiplatelet therapy was 91.6% at 1-year follow-up and did not differ significantly at any time between the stent groups. Clinical outcomes up to 1 year. At 12 months post-PCI, the primary endpoint of TLF (the composite of cardiac death, TV-MI, and TLR) occurred in 72 patients (2.9%) in the PtCr-EES group and 36 patients (2.9%) in the CoCr-ZES group (Table 4 , Fig. 2A ). We confirmed the noninferiority of PtCr-EES with an absolute risk difference of 0% and an upper limit of the 1-sided 97.5% HR of 1.499 (p ¼ 0.0247 for noninferiority; pre-specified noninferiority HR margin: 1.5) (Fig. 2B ). Regarding superiority, there was no significant difference between the 2 treatment groups (HR: 1.00; 95% confidence interval [CI]: 0.67 to 1.50; p ¼ 0.983 for superiority). The results of the per-protocol analysis were similar to the intention-to-treat analysis (TLF rates: 2.8% vs. 2.8%) with 97.5% upper CI marginally exceeding the pre-specified margin (HR: 1.00; 95% CI: 0.66 to 1.52; p ¼ 0.028 for noninferiority; p ¼ 0.999 for superiority) (Fig. 2C , Online Table 2 ). The individual rates of cardiac death, TV-MI, and TLR were not significantly different between the 2 groups (Table 4 , Figs. 2D to 2F). Patient-oriented outcomes were also similar, and occurred The HOST-ASSURE Trial July 1, 2014:2805-16 in 5.2% and 4.5% of the PtCr-EES and CoCr-ZES groups, respectively (HR: 1.20; 95% CI: 0.88 to 1.64; p ¼ 0.187). Subgroup analyses of the primary outcome showed consistent findings and no significant interaction between different subgroups and the allocated stent except for reference vessel diameter (Fig. 3 ). There were no significant interactions between the allocated stent and the allocated antiplatelet therapy regimen with regard to any clinical endpoint including TLF.
At 12 months, ARC-defined definite and probable stent thrombosis occurred in 0.4% and 0.7%, respectively, in the 2 groups (p ¼ 0.229). There were no significant differences between the 2 stents regarding definite, probable, and possible stent thrombosis as well as acute, subacute, or late stent thrombosis (Table 5 , Online Fig. 1 ). Details of individual cases of the stent thrombosis are described in Online Table 3 . Angiographic analysis: longitudinal stent deformation. Of 3,755 patients (5,087 lesions) enrolled in the study, the baseline procedural angiograms were available and readable in 3,711 patients (5,010 lesions). The occurrence of LSD was analyzed using the baseline procedural angiograms in these patients: 2,471 patients (3,367 lesions) in the PtCr-EES group and 1,240 patients (1,643 lesions) in the CoCr-ZES group. LSD was observed in 7 patients in the PtCr-EES group (7 stents, incidence rate: 0.21%) and in no patients in the CoCr-ZES group (p ¼ 0.104). The mean NSR was lower in the PtCr-EES group compared with the CoCr-ZES group (mean NSR 0.92 AE 0.07 vs. 0.93 AE 0.07; p < 0.001) (Fig. 4) . The specific details of the 7 LSD cases are summarized in Table 6 . Of these cases, none were associated with future adverse clinical events up to 1 year. Only 1 case required an additional stent implantation during the baseline procedure (Fig. 5) . LSD occurred during stent implantation while advancing adjunctive balloon catheter or while withdrawing the trapped intravascular ultrasound catheter, guidewire, or stent leading to deep engagement of the guiding catheter. In all cases, the proximal part of the stent was the site of deformation and resulted in significant shortening of the stent. Park et al.
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The HOST-ASSURE Trial
Discussion
This was 1 of the largest direct stent comparison studies ever performed to test the noninferiority of PtCr-EES against the CoCr-ZES, the 2 most recently introduced and now most commonly used DES. Furthermore, we systemically addressed the issue of LSD in over 5,000 lesions. The major findings of this study are as follows:
1. PtCr-EES was noninferior to CoCr-ZES at 1 year regarding TLF, the composite of cardiac death, nonfatal TV-MI, and ischemia-driven TLR. Also, the Park et al.
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The HOST-ASSURE Trial individual outcomes were very similar between the 2 stents. 2. Both stents demonstrated outstanding safety as well as efficacy, with stent thrombosis rates below 1% and TLF rates below 3% in an enriched PCI population of all-comers. 3. LSD was observed only in PtCr-EES, but its incidence was very rare and it was not associated with future adverse clinical events.
Newer-generation DES have significantly improved clinical outcomes compared with first-generation DES. In particular, CoCr-based EES, the oldest of the newer-generation DES, have shown improved clinical results in various trials and meta-analyses (1-5). The newest addition to the CoCr alloy-based DES line-up has been the CoCr-ZES. In the RESOLUTE All-Comers trial, CoCr-ZES was shown to be noninferior to CoCr-EES regarding stent-and patient-specific clinical outcomes (8, 9) . We also reported similar clinical performance of the 2 stents from an all-comer registry (24).
Compared with the earlier-generation DES, 1 of the major advantages of the CoCr stent platform was the reduction in stent strut thickness. In previous stainless steel stent platforms, the visibility of the stent decreases significantly as the stent strut thickness is reduced, as was evidenced in the stainless steel-based paclitaxel-eluting stent (Taxus Liberte, Boston Scientific). Thus, the CoCr-based stents have supplanted stainless steel stents as the most commonly used coronary stents in the world. However, CoCr stents have several important limitations. Radial strength and recoil are inferior to stainless steel stents and radio-opacity, although better than with stainless steel stents, is still suboptimal, particularly with the newest thinstrut CoCr stents. The PtCr alloy was developed to address these limitations and was shown to have greater radial strength, less recoil, and greater radio-opacity than its CoCr counterparts (10, 11) . From bench data, the PtCr alloy showed low thrombogenicity and a high degree of endothelial surface coverage (25) . Clinically, PtCr-EES was previously shown to be noninferior to CoCr-EES regarding TLF at 1 and 2 years in the PLATINUM (A Prospective, Favors PtCr-EES Favors CoCr-ZES However, bench testing showed that PtCr-EES had significantly weaker resistance against longitudinal compressive forces compared with other stent platforms, which may be due to its offset peak-to-peak design (15) (16) (17) (18) (19) 26) . In the present study, after meticulous review of over 5,000 stents by an angiographic core laboratory, LSD was observed only in the PtCr-EES group and not in the CoCr-ZES group. However, the events were so rare (0.2% in the PtCr-EES group) that this difference was not statistically significant. The problem observed in this study with the proximal portion of the stent being vulnerable to LSD has recently been addressed by the manufacturer through the addition of connectors to the proximal stent struts in the design of the new version of the PtCr-EES, the Promus Premier stent (Boston Scientific) (27) . Study limitations. First, the observed 1-year TLF rate was 2.9% for the control group (CoCr-ZES), which was lower than the assumed 6.5% used in the study power calculation. If we had assumed an expected event rate of 2.9% instead of 6.5%, the statistical power of this study to detect noninferiority would have been as low as 50%. Second, despite the all-comer nature of the study population, the event rates were very low, which may raise the question of underreporting. However, periodic monitoring and data audits were thoroughly performed during this trial. One possible reason for the low event rates may be that this study had a 2 Â 2 factorial design. Also, the fact that some high-risk patients met contraindications to cilostazol and had to be excluded and that all participating patients were treated with intensified antiplatelet therapies for 1 month may have contributed to the lower incidence of TLF. Routine post-PCI cardiac enzyme measurement was not mandated in the study, and it may have also led to the lower incidence of events. There also may be an ethnic or genetic protective factor, as trials done in East Asian populations have consistently reported lower event rates (28) (29) (30) . Finally, because we used visual assessment for presence of LSD, the likelihood of detecting a deformity would be naturally higher in a more visible stent such as PtCr-EES.
Conclusions
PtCr-EES was noninferior to CoCr-ZES for up to 1 year in all-comers receiving PCI. Although LSD was observed only in PtCr-EES, its incidence was rare and was not associated with future adverse cardiac events. 
